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Landing gear door aasembly 

The present invention relates to an aircraft landing gear 
door assembly. 

5 A landing gear of an aircraft is typically moveable 

between a deployed position, where the landing gear extends 
downwardly from the aircraft and wheels of the landing gear 
can engage a runway, and a stored position where the landing 
gear is accommodated within appropriately shaped bays in the 

10 aircraft's fuselage or wing. So as not to interfere with the 
overall aerodynamic properties of the aircraft in flight, the 
bays are provided with doors which, when closed, conform to 
the shape of the aircraft body. 

In a known landing gear door assembly, a pair of doors 

15 are provided. In the closed position of the doors the opening 
or aperture of the bay accommodating the landing gear is 
closed across by the doors with adjacent edges of the doors 
extending along a generally longitudinal axis spanning the 
aperture. Each door is hinged about a generally horizontal 

20 and longitudinal axis in the region of the edge of the door 
opposite to the edge adjoining the other door, allowing the 
doors to be rotated downwardly about the axes to open 
positions in which the doors extend approximately vertically 
downwardly from the aircraft body. It will be understood that 

25 references to the horizontal and vertical and the like, refer 
to a situation where the aircraft is at rest on a horizontal 
runway. 

The size of the pair of doors depends upon the size of 
the aperture that the doors must close over and the aperture 

3 0 must in turn be sufficiently large to allow passage of the 

landing gear during deployment. As a result, if the landing 
gear is relatively large the doors must in turn be relatively 
large. Such large doors are, however, disadvantageous from an 
aerodynamic and noise viewpoint when they are open and 

35 extending downwardly and outwardly from the aircraft body. 

It is an object of the invention to provide an aircraft 
landing gear door assembly that overcomes or mitigates the 
problem referred to above and in particular enables an 
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aircraft to employ a door assembly that when open provides a 
relatively large aperture for deployment of landing gear 
without leading to a corresponding disadvantage from an 
aerodynamic and noise viewpoint. 

According to the invention there is provided an aircraft 
landing gear door assembly including a plurality of doors 
moveable between open positions, in which landing gear can be 
deployed through an aperture, and closed positions, in which 
the doors are closed across the aperture, the plurality of 
doors including a first door and a second door, wherein 

the first and second doors are so arranged that they are, 
in use, configurable in such a way that movement of one of the 
first and second doors for at least a part of the way between 
the open and closed positions causes movement of the other of 
the first and second doors, and 

the first and second doors are arranged such that, when 
the landing gear is deployed, the second door is obstructed 
from moving between its open and closed positions while the 
first door is free to move between its open and closed 
positions . 

By providing two doors, the first of which is free to 
move between its open and closed positions when the landing 
gear is deployed, it becomes possible to close the first door 
after deployment of the landing gear. It is then only the 
second door which is likely to have any adverse aerodynamic 
effect and/ or generate noise. 

Preferably, the first and second doors are mounted such 
that they may be moved together between the open and closed 
positions substantially without any relative movement between 
the first and second doors. 

The movement, for which one of the first and second doors 
is mounted, may be constrained. For example, the movement may 
be such that there is only one degree of freedom when moving 
the door between the open position and the closed position. 
The movement of said one of the first and second doors may be 
constrained for substantially all of the movement between the 
open and closed positions. The movement of said other of the 
first and second doors may also be constrained. Preferably, 
the first and second doors are both mounted for movement, 
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which is constrained. 

One of the first and second doors is preferably mounted 
for rotational movement about a fixed axis. The first door is 
preferably mounted for rotational movement about an axis, 
which is preferably a fixed axis. Similarly the second door 
is preferably mounted for rotational movement about an axis, 
which is preferably a fixed axis. Whilst it is possible for a 
door to be mounted such that its movement is a complex 
combination, of translational and rotational movements, fixed- 
axis rotation provides a simple and reliable design. 

Preferably, the first and second doors are mounted for 
rotation about a fixed axis, the fixed axes of rotation of the 
first and second doors being substantially coincident. 

It is possible to provide respective drives, for example, 
linear actuators, for each of the doors but it is also 
possible to provide a drive for the first door only and to 
move the second door by coupling it to the first door. Thus 
the first and second doors may be arranged to be coupled 
together to move as a single unit between their open and 
closed positions, and be decoupled to enable the first door 
also to move independently of the second door between its open 
and closed positions. 

The assembly preferably includes locking devices for 
locking some or all of the doors in their closed and/or open 
positions. In the case where the first and second doors are 
capable of being coupled together, it is especially preferred 
to provide a locking device for locking the second door in its 
open position. 

Preferably, when the doors are in their open positions, 
the second door is disposed below the first door. The second 
door is referred to as "below" the first door, if the major 
part of the second door is below the major part of the first 
door, even though there may be parts of the second door that 
are above parts of the first door. Preferably the second door 
is mounted on at least one arm which is connected at one end 
to the second door and is moveably mounted, preferably 
rotatably mounted, at its other end to allow the movement of 
the second door between its open and closed positions. 
Preferably two or three such arms are provided for each door. 
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When the second door is in its open position and the landing 
gear is deployed, the second door is preferably disposed 
adjacent to the wheels of the landing gear. 

Preferably, the first and second doors are each mounted 
for movement by means of a connection having a plurality of 
connection points, at least one of the connection points of 
one of the first and second doors being disposed between two 
of the connection points of the other of the first and second 
doors. In the case where the second door is mounted on two 
arms, the point at which each arm is mounted for movement may 
be considered as comprising a connection point for example. 
In that case, the points at which the first door is mounted 
for movement may for example include a connection that is 
disposed between the two points at which the two arms are 
movably mounted. Said connection may be in the form of a 
hinge mounted on a shaft or spindle. There may be an infinite 
number of notional connection points associated with each 
connection. The first and second doors are preferably mounted 
for rotation about the same hinge. 

In a conventional door assembly it is common for a pair 
of doors to be provided. According to the invention the 
plurality of doors preferably includes a third door moveable 
between closed and open positions, the first and third doors 
defining a pair of doors on opposite sides of the aperture 
through which the landing gear is deployed. Like the first 
door, the third door is preferably mounted for rotational 
movement about an axis, which is preferably a fixed axis, and 
is preferably arranged such that, when the landing gear is 
deployed, it is free to move between its open and closed 
positions, when the doors are all closed, the second door is 
preferably disposed between the first and third doors; in one 
embodiment of the invention described below and employing 
three doors, the second door is disposed in the middle of the 
three doors and the arrangement is approximately symmetrical 
about a plane passing through the middle of the second door; 
in another embodiment of the invention described below a 
fourth door is provided, interacting with the third door in 
substantially the same way as the second door interacts with 
the first door, and the arrangement is approximately 
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symmetrical about a plane passing through an interface of the 
second and fourth doors. Thus, the plurality of doors may 
include a fourth door mounted for movement between closed and 
open positions, the third and fourth doors being arranged such 
that, when the landing gear is deployed, the fourth door is 
obstructed from moving between its open and closed positions 
while the third door is free to move between its open and 
closed positions. It will be understood that, because the 
first and third doors are a pair, the third door may include 
any or substantially all of the features of the first door. 
Similarly, the fourth door, being one of the pair of doors 
including the second door, may include any or substantially 
all of the features of the first door. Thus, the third and 
fourth doors may incorporate any of the features described 
above in relation to the first and second doors. 

Preferably, in the closed position, at least one of the 
plurality of doors is surrounded by other doors of the 
plurality of doors for at least 60% of its perimeter, 
preferably for at least 75% of its perimeter and more 
preferably for at least 90% of its perimeter. For example, 
where the doors include third and fourth doors as defined 
above, the majority of the perimeter, and preferably 
substantially the entire perimeter, of the second door is 
directly adjacent to one or more of the first, third and 
fourth doors. Similarly, the fourth door may be at least 
partially, and preferably substantially completely, surrounded 
by the first, second and third doors. 

The first and second doors are preferably so shaped that, 
when closed, a significant portion of the perimeter of the 
second door is separated from the perimeter of the aperture by 
a significant portion of the first door. For example, at 
least 60%, preferably at least 75% and more preferably at 
least 90%, of the perimeter of the second door is separated 
from the perimeter of the aperture. The first and second 
doors, when mounted for rotation about substantially the same 
axis, are preferably so shaped that at least 60%, preferably 
at least 75% and more preferably at least 90%, of the 
perimeter of the aperture that is aligned with (or more 
preferably separated by an angle of less than 30% from) the 
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axis of rotation, is not directly adjacent to the second door. 

Advantageously, one of the third and fourth doors is 
mounted so that the third and fourth doors may be moved 
together for at least a part of the way between the open and 
closed positions substantially without any relative movement 
between the third and fourth doors. 

Whilst, the landing gear door assembly of the present 
invention may be associated with a nose landing gear of an 
aircraft, the landing gear door assembly is preferably 
associated with a main landing gear. It will be understood 
that in this context the term main landing gear is a landing 
gear that sustains a significant share of the loads sustained 
by the landing gear of the aircraft during landing and would 
normally for that reason exclude the nose landing gear. 

The invention further provides an aircraft including a 
landing gear door assembly according to the present invention 
and a landing gear with which the landing gear door assembly 
is associated. 

The present invention also provides a method of operating 
a landing gear door assembly including a plurality of doors 
moveable between open positions, in which the doors provide an 
aperture through which landing gear can be deployed, and 
closed positions, in which the doors close over the aperture, 
wherein the plurality of doors include first and second doors 
and the method includes the following steps: 

opening the first and second doors, the opening of the 
doors comprising a step in which the first and second doors 
are moved together, preferably substantially without any 
relative movement between the first and second doors, 

deploying the landing gear; and 

closing the first door while the landing gear is still 
deployed . 

It will be understood that the method just described is 
typically carried out shortly prior to landing. 

The method preferably further includes the following 
subsequent steps: 

opening the first door; 

retracting the landing gear; and 

closing the first and second doors. 
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The closing of the doors advantageously comprises a step 
in which the first and second doors are moved together, 
preferably substantially without any relative movement between 
the first and second doors. 

It will be understood that those steps are typically 
carried out shortly after take off. 

Similarly, the invention provides a method of operating a 
landing gear assembly including a plurality of doors moveable 
between open positions, in which the doors provide an aperture 
through which landing gear can be deployed, and closed 
positions, in which the doors close over the aperture, wherein 
the plurality of doors include first and second doors, the 
method including the following steps: 

providing the door assembly with the landing gear 
deployed, the first door closed and the second door open; 

opening the first door; 

retracting the landing gear; and 

closing the first and second doors, the closing of the 
doors comprising a step in which the first and second doors 
are moved together, preferably substantially without any 
relative movement between the first and second doors. 

In that case the method preferably further includes the 
following subsequent steps: 

opening the first and second doors; 

deploying the landing gear; and 

closing the first door while the landing gear is still 
deployed . 

The opening of the doors advantageously comprises a step 
in which the first and second doors are moved together, 
preferably substantially without any relative movement between 
the first and second doors. 

It will be understood that the method just described 
involves the same steps as that previously described but 
beginning with those steps that are typically carried out 
shortly after take off. 

Advantageously, the step of moving the first and second 
doors together in either of the above methods may be performed 
by effecting movement of one of the doors and arranging for 
that movement to cause the other of the first and second doors 
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to be moved. 

The method is preferably carried out using a door 
assembly as described above. For example, the plurality of 
doors may include a third door moveable between closed and 
open positions, the first and third doors defining a pair of 
doors on opposite sides of the aperture through which the 
landing gear is deployed, the third door being opened when the 
first door is opened and closed when the first door is closed. 

Furthermore the plurality of doors may include a fourth door 
mounted for movement between closed and open positions, the 
fourth door being opened when the second door is opened and 
closed when the first door is closed. The method may include 
a step in which the third and fourth doors are moved together 
substantially without any movement between the third and 
fourth doors. 

According to a further aspect of the present invention 
there is provided an aircraft landing gear door assembly 
including a plurality of doors moveable between open 
positions, in which landing gear can be deployed through an 
aperture, and closed positions, in which the doors are closed 
across the aperture, the plurality of doors including a first 
door and a second door, wherein 

the first and second doors are arranged such that, when 
the landing gear is deployed, the second door is obstructed 
from moving between its open and closed positions while the 
first door is free to move between its open and closed 
positions. One of the first and second doors may be mounted so 
that the first and second doors may be moved together as a 
unit for at least a part of the way between the open and 
closed positions. Preferably, the first and second doors are 
moveable together substantially without any relative movement 
between the first and second doors. The first and second 
doors are advantageously mounted for rotation about a common 
hinge axis. Other features described above with reference to 
the present invention may of course be incorporated into this 
aspect of the invention. For example, the first and second 
doors may each be mounted for movement by means of a hinge 
having a plurality of connection points to a hinge axis, at 
least one of the connection points of one of the first and 
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second doors being disposed between two of the connection 
points of the other of the first and second doors. 

By way of example certain embodiments of the invention 
will now be described with reference to the accompanying 
drawings, of which: 

Fig. 1 is a perspective view from above of an aircraft 

landing gear door assembly with all the doors shown 
closed ; 

Fig. 2 is a perspective view similar to Fig. 1 but with 
the landing gear deployed and all the doors open; 

Fig. 3 is a perspective view similar to Fig. 2 with the 
landing gear deployed, but with some of the doors 
closed; 

Fig. 4 is a plan view of a modified form of the landing 

gear door assembly shown in Figs. 1 to 3 with all 

the doors shown closed; 
Fig. 5 is a perspective view of the modified form of 

landing gear shown in Fig. 4 with some of the doors 

closed; 

Fig. 6 is a perspective view of the assembly shown in 

Fig. 1 with part of the aircraft skin cut-away and 
showing mechanisms for opening and closing the 
doors ; and 

Fig. 7 is a partial sectional side view of the door 

assembly of Fig. 6 showing one of the doors in its 
open position. 

It should be appreciated that the drawings are schematic 
and intended to aid understanding of the principles underlying 
the invention, rather than to provide full details of a 
particular design. In particular, for the following 
description it should be assumed that Figs. 1 to 3 and 6 and 7 
all relate to the same embodiment, despite the minor 
differences in the corresponding drawings. 

Referring first to Fig. 1, there is shown an aircraft 
landing gear door assembly including a first door 1, a second 
door 2, a third door 3 and a fourth door 4. The doors 1 to 4 
are shown in their closed positions in Fig. 1 in which they 
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are closed across an aperture 5 in an aircraft skin 6. 

The door 1 is rotatably mounted on arms 7 for fixed-axis 
rotation, the ends of the axis 7 opposite the ends that are 
connected to the doors being connected at connections 8 to 
mountings (not shown) fixed to the aircraft structure. The 
door 2 is similarly rotatably mounted on arms 9 for fixed-axis 
rotation about connections 10. Thus the doors 1 and 2 are 
able to rotate downwardly from the closed positions shown in 
Fig. 1 through an angle of about 90 degrees to the open 
positions shown in Fig. 2. 

The door 2 is connected to arms 11 which pass over the 
exterior of the door 1 and through openings in the aircraft 
skin 6. The ends of the arms 11 opposite to those connected 
to the door 2 are rotatably connected at connections 12 to 
mountings (not shown) fixed to the aircraft structure. As can 
be seen in Fig. 1, the door 2 is mounted for rotation about a 
fixed axis substantially coincident with the axis of rotation 
of the door 1. Similarly the door 4 is connected to arms 13 
which pass over the exterior of the door 2 and through 
openings in the aircraft skin 6. The ends of the arms 13 are 
rotatably connected at connections 14 to mountings (not shown) 
fixed to the aircraft structure. As can be seen in Fig. 1, 
the door 4 is mounted for rotation about a fixed axis 
substantially coincident with the axis of rotation of the door 
1. Thus the doors 3 and 4 are able to rotate downwardly from 
the closed positions shown in Fig. 1 through an angle of about 
90 degrees to the open position shown in Figs. 2 and 3. 

Hydraulic actuators are provided for controlling movement 
of the doors, for controlling the locking of the doors in their 
closed positions and also for locking the second and fourth 
doors in their open positions. The hydraulic actuators and 
associated linkage mechanisms for open and closing the doors is 
shown in Figs. 6 and 7. Those parts are generally not shown in 
Figs. 1 to 3, although locks 15 for locking the doors in their 
closed positions and locks 17 for locking the doors 2 and 4 in 
their open positions are shown schematically in Figs. 1 to 3 of 
the drawings, but not in Figs. 6 and 7. Also, it may be noted 
that the particular mounting arrangement shown for each of the 
doors is different; it should be understood that any appropriate 
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mounting arrangement that allows the doors to rotate as required 
may be adopted having regard to other features of the assembly. 

The operation of the doors will now be described with 
reference to Figs, 1 to 3, 6 and 7. 

In the middle of a flight, the doors 1 to 4 will usually 
be in their closed positions as shown in Fig. 1, with the 
landing gear stowed in the landing gear bay within the 
aircraft fuselage or wing, above the closed doors. 

As the aircraft approaches a runway the landing gear needs 
to be deployed. To that end, all of the doors 1 to 4 are opened 
by rotating them through about 90 degrees to the position shown 
in Fig. 2, the first and second doors being moved together as a 
unit and the third and fourth doors being moved together as a 
unit. It is then possible to deploy the landing gear, with the 
whole of the aperture 5 open to allow the landing gear to pass 
through it. In Figs. 2 and 3 wheels 16 of the landing gear are 
shown. When the landing gear is fully deployed the doors 2 and 
4 lie adjacent to respective wheels 16. 

Once the landing gear has been deployed the first door 1 
and the third door 3 are closed. The landing gear and the 
doors 1 and 3 are arranged such that once the landing gear is 
fully deployed the doors 1 and 3 can be locked. This 
arrangement of the doors is shown in Fig. 3. With only the 
doors 2 and 4 remaining open the aerodynamic effect of the 
landing gear doors on the aircraft is significantly reduced 
and the noise generated by the doors is also reduced. 

The doors 1 and 3 remain closed and the doors 2 and 4 
remain open while the aircraft lands and, in due course, takes 
off again. After take off and while the landing gear is still 
deployed, the doors 1 and 3 are opened again returning the 
doors to the positions shown in Fig. 2. The landing gear is 
then retracted through the whole of the aperture 5 and, then, 
all of the doors 1 to 4 are closed. 

Breakable couplings are provided between the doors to 
facilitate movement of the first and second doors together as 
a unit and movement of the third and fourth doors together as 
a unit. Figs. 6 and 7 show schematically the breakable 
coupling mechanism and actuators in further detail. In the 
assembly shown in Figs. 6 and 7, there is a coupling between 
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the first door 1 and the second door 2 with an actuator 22 
connected only to the first door 1, and similarly there is a 
coupling between the third door 3 and the fourth door 4. The 
doors are coupled together when they are all moved to their 
open positions of Fig. 2, they are then decoupled and the 
doors 1 and 3 then closed. Thereafter, the doors 1 and 3 are 
opened, the doors recoupled, and all the doors closed. 

As shown in Fig. 6, the actuator 22 acts on the hinge of 
the first door 1. Rotatably mounted to the mid-point of the 
hinge of the second door 2 is a latching arm 21. One end of 
the arm 21 is provided with a recess 27 shaped to accommodate 
a peg 20, which is fixedly attached to the aircraft structure 
6 surrounding the doors 1, 2. The other end of the arm 21 is 
connected, via a first connecting rod 25, to one arm of a 
rotable crank 28, the other arm of which being connected to a 
second connecting rod 26, which is connected to a locking pin 
23. The crank 28 is connected to a remotely operable 
hydraulic actuator 24, that via crank 28 is able to cause 
translational movement to rods 25, 26 along their axes and 
therefore rotational movement of latching arm 21 and 
translational movement of locking pin 23. The actuator 24, 
arm 27, rods 25 , 26, crank 28 and pin 23 are all mounted on 
the second door 2 (or on the hinge associated with the second 
door) and therefore rotate with the second door 2 . 

In Fig. 6 the second door 2 is shown coupled by means of 
locking pin 23 being inserted into a pin housing 29 mounted on 
the first door 1. When the actuator 22 is operated, both the 
doors 1, 2 move to the open position locked together by the 
locking pin 23 . At the doors-open position, the actuator 24 
may be operated, pulling back the locking pin 23 and, through 
connecting rods 25 and 26 and crank 28, pivoting the latching 
arm 21, the end 27 of which engages with the peg 20 (see Fig. 
7, which shows the second door 2 in its open position) . The 
second door 2 is now locked in the open position and the first 
door 1 is free to be moved back to the closed position by 
actuator 22. Furthermore, the second door 2 may be closed 
thereafter by moving the first door into alignment with the 
second door 2, moving the crank 28 (by means of the actuator 
24) simultaneously to unlock the second door from its open 
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position (by disconnecting the arm 21 and the peg 20) and to 
couple the second door to the first door (by means of 
inserting the locking pin 23 into the housing 29) . 

The breakable couplings and actuators shown schematically 
5 in Figs. 6 and 7 are associated with the first and second 
doors 1, 2. It will be understood that similar means are 
provided in respect of the third and fourth doors 3, 4. 

Figs. 4 and 5 illustrate schematically a modified design 
in which the second door 2 of the assembly shown in Figs. 1 to 

10 3 is replaced by a second door 2a and the fourth door 4 of the 
assembly shown in Figs. 1 to 3 is omitted. The door 2a, when 
closed, is disposed between the doors 1 and 3 and the 
arrangement is approximately symmetrical about a vertical 
plane P (Fig. 4) . The modified assembly of Figs. 4 and 5 

15 operates in substantially the same way as the assembly of 

Figs. 1 to 3 with the door 2a moving in the same manner as the 
door 2 of the assembly described with reference to Figs. 1 to 
3. In Fig. 5 the wheels of the landing gear are not shown but 
it will be understood that the door 2a is disposed adjacent to 

20 the wheels, but that there is no corresponding door on the 
other side of the wheels. 

The assembly of Figs. 4 and 5 has the advantage that 
there is one less door to move and that only one door remains 
open after deployment of the landing gear, but has the 

25 disadvantage that the one door that does remain open has to be 
bigger and project further down in its open position, than if 
a pair of doors each of half the size were employed. 

In the embodiment illustrated in Figs. 1 to 3 and 6 and 7 
described above, the doors are coupled so that a pair of doors 

30 may be moved by means of a single actuator. An alternative 
arrangement is to provide actuators so that each door is 
independently moved by its own hydraulic actuator. 



